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. All further simulations were continued using these eight structures as starting points for the different replicas.
Replica-averaged metadynamics (RAM) simulations.
In this work, we carried out molecular dynamics simulations using the replica-averaged metadynamics (RAM) method 15, 16 (Figure 2) , which implements at the same time the NMR-derived structural restraints as a correction to the force-field 17 and the enhancement of the sampling due to the metadynamics approach 18, 19 in the bias-exchange mode 20 . In the bias-exchange mode, the dynamics of each replica is biased in a direction that changes stochastically with time 20 . The sum of Gaussians is then exploited for reconstructing iteratively an estimator of the free energy 18, 19 . This approach is highly effective in forcing the system to escape from local minima and explore a complex free energy landscape. For the UUCG tetraloop, we used six collective variables (CVs) corresponding to specific backbone torsion angles (β, δ,  and ζ of UL2 and α of CL3) and a network of signature tetraloop hydrogen bonds (Figure 1 ). In the simulations two of the eight replicas were not subjected to a bias.
Metadynamics trajectories were post-processed using METAGUI 21 . The sampled conformations were first clustered into substates and the free energies of each substate were computed by a weighted-histogram procedure after allowing for a suitable equilibration period in the simulation 15, 16 . All the conformations from the converged part of the trajectory were extracted to build a conformational ensemble 15, 16 .
Convergence of the metadynamics simulations. The convergence of the metadynamics simulations was verified by comparing the free energy landscapes for the six different CVs at different stages of the simulation ( Figure S1 ).
Generation of the restrained conformational ensemble ('RAM ensemble').
In the RAM simulations, RDCs were back-calculated from the structures using the recently introduced ' method' 22 (see below) for each replica at each time step, and an additional term was incorporated in the force field to penalize differences between the experimental and simulated values of the RDCs 15, 22 . These simulations generated a restrained conformational ensemble (the 'RAM ensemble'). The algorithm for calculating the RDCs and deriving the energy restraint term is implemented in the PLUMED 2 suite 23 .
Generation of the unrestrained conformational ensemble ('MD ensemble'). In another set of metadynamics simulations using the setup described above, no restraints were imposed to generate an unrestrained molecular dynamics (MD) ensemble (the 'MD ensemble') of the UUCG tetraloop.
The  method for calculating residual dipolar couplings. The RDC between two nuclear spins can be written as 24
where  1 and  2 are the gyromagnetic ratios of the two spins, r is their distance,  is the angle between the inter-nuclear vector and the external magnetic field,
3 r 3 is the maximal value of the dipolar coupling for the two nuclear spins,  0 is the magnetic constant and h is the Planck constant. The angular brackets describe the thermal averaging over the orientation of the inter-nuclear vector with respect to the external magnetic field. In isotropic solutions the RDCs average to zero because all directions are equivalent. By contrast, if the solution is anisotropic, as in the case of the addition of an alignment medium, the rotational symmetry is broken, and nonzero values of the RDCs may appear 24, 25 .
Eq. (2) provides the RDC of a given inter-nuclear bond vector as a function of the angle  between the vector and the magnetic field, whose direction is usually taken as that of the z-axis. One can thus use the information about the  angles provided by the RDCs to refine the structures of proteins 22, 26, 27 . In this approach one asks if there is a structure that satisfies at the same time all the inter-nuclear vector orientations specified from the  angles with respect to the z-axis. In order to implement this strategy for structural refinement, we first maximized the correlation, , between the calculated, and the experimental, RDCs , ,
Once a high correlation is obtained it is possible to find the scaling factor for the RDCs as the slope of the line that fits D exp as a function of D calc . Having found the scaling factor, it becomes possible to apply a more stringent restraining potential of the form
where D i calc is calculated as an average of the RDCs of instantaneous conformations of all the replicas. In the implementation presented in Eqs. (3,4), the  method can be applied to multiple bonds measured in a single alignment medium, although it is possible to extend its use to multiple alignment media 28 . In order to extract the information about dynamics provided by RDCs, we incorporated them as replica-averaged structural restraints in molecular dynamics simulations 22 . To this effect in Eq. (3) we averaged the calculated RDCs over 8 replicas of the RNA molecule.
Construction of the sketch-map. Sketch-map is a dimensionality reduction algorithm that works by preserving the distance connectivity information between a set of high dimension points in a low dimension space 29 . Thus, it can be used to visualize the conformational variability of biomolecules on a free energy landscape 16 . To implement this approach, we first calculated the six backbone torsion angles (α, β, γ, δ, ε, ζ) and the glycosidic χ torsion angle of the tetraloop residues (UL1, UL2, CL3 and GL4) and its closing base pair (CL-1 and GL+1) for the RAM and MD ensembles. Next, we calculated the sketch-map of this 42-dimensional torsion angle hyperspace and used the resulting 2-dimensional projections (which will be referred to as sketch-map CVs).
The resulting free energy landscape as a function of the sketch-map CVs represents the projection of all the high-dimensional conformational variability inherent in the RAM or MD ensembles onto a low dimensional surface without biasing the analysis towards any one particular ground state or excited state conformation. Table S3 . S1: Convergence (main text?) For the RAM simulations of the RNA hairpin, after 70 x 8 ns of simulations, most of the CVs converge as seen by the free energy profiles calculated for the simulation run spanning 70 to 100 ns (red curve) and 100 to 130 ns (blue curve). These profiles were constructed in METAGUI by weighted histogram procedure 21 . Thus, the part of simulation spanning a total of 50 x 8ns (from 70 to 130 ns) after this equilibration time was used to construct the RAM ensemble.
or t ing I nfor m at ion A vailable 7: Correlat ion between t he experiment al RDCs measured by us for t he 14nt hairpin ing UUCG and t hose obt ained from t he BMRB.
s mat erial is available free of charge via t he Int ernet at ht t p: / / pubs. acs. or g/ . Figure S6 . Superposition of (a) R1 (blue) and R4 (red) conformations and (b) U1 (blue) and U4
(red) conformations with the 2KOC structure (gray) of the UUCG tetraloop.
